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Summary Cerebrovascular reserve is impaired in radiation vasculopathy from radiation injury
to small arteries and arterioles. Few interventions or medications have been shown to be effec-
tive in this disease. We report a unique ﬁnding in which a statin contributed to worsening of
the cerebrovascular reserve.
© 2012 Elsevier GmbH.
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Open access under CC BY-NC-ND license.Introduction
Radiation vasculopathy affects patients with primary brain
tumor and causes signiﬁcant morbidity from ischemia
related to hemodynamic insufﬁciency [1,2]. In these
patients, medical management for secondary stroke preven-
tion commonly includes HMG-CoA reductase inhibitors, or
statins. Previous studies have shown that statin use improves
cerebrovascular reactivity [3]. We report a contradictory
ﬁnding in a unique patient with radiation vasculopathy and
suggest broader implications for patients with hemodynamic
insufﬁciency.Abbreviations: ACA, anterior cerebral artery; MCA, middle cere-
bral artery; TCD, transcranial Doppler; BHI, breath holding index;
GTP, guanosine triphosphate; NO, nitric oxide; eNOS, endothelial
nitric oxide synthase.
∗ Corresponding author at: 6560 Fannin, Suite 802, Houston, TX
77030, USA. Tel.: +1 713 441 3951; fax: +1 713 793 7019.
E-mail address: jjvolpi@tmhs.org (J.J. Volpi).
R
I
i
i
A
h
d
i
2211-968X © 2012 Elsevier GmbH.
doi:10.1016/j.permed.2012.02.020
Open access under CC BY-NC-ND license.ethods
66 year old man who underwent surgery and radia-
ion for glioblastoma multiforme presented 6 months post
urgery with new onset left sided weakness. He was found
ith a right middle cerebral artery infarct and placed on
imvastatin along with aspirin. He underwent a baseline
ranscranial Doppler (TCD) and then had his statin with-
rawn. He was then brought back to the clinic 6 weeks later
or follow-up study.
esults
nitial TCD showed no signiﬁcant stenoses by velocity criteria
n the proximal vessels of the circle of Willis. Interest-
ngly, however, there was ﬂow diversion on the right with
CA >MCA velocity, suggesting distal stenosis. The breath
olding index was 0.42. 6 weeks later, after statin with-
raw, TCD showed persistent ﬂow diversion, but signiﬁcant
mprovement in the BHI to 0.78.
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iscussion
he data from this patient suggests small arteriolar disease
rom radiation vasculopathy causing poor hemodynamic ﬂow
o the right hemisphere. Although the precise means by
hich statins worsen the hemodynamic ﬂow to the affected
emisphere is unknown, the mechanism we propose below
or this ﬁnding is based on previous studies in which statins
ave been shown to improve cerebrovascular ﬂow [3]. While
hese ﬁndings seem to be contradictory, the ﬁnding in radia-
ion vasculopathy is actually a logical extension of the larger
heory regarding statin effects on cerebral blood ﬂow and in
act corroborates the other ﬁndings of ﬂow augmentation.
Statins have the effect of decreasing cholesterol synthe-
is, and do so by inhibiting the upstream enzyme HMG CoA
eductase. The downstream effect of this inhibition is the
ecreased production of not only cholesterol, but also ger-
nyl pyrophosphate, a constituent of the family of small
TPases known as Rho. In the absence of geranyl pyrophos-
hate, less of the Rho GTPases are active [4].
The role of the Rho GTPases is key to the statin effect in
he endothelium. Through a series of downstream effects,
he Rho GTPases inhibit NO production in the endothelium
y decreasing eNOS expression and activity [4]. Less eNOS
ctivity results in a paucity of the vasodilatory effects of NO.
n essence, the Rho GTPases causes arteriolar vasoconstric-
ion. By inhibiting their production, statins ‘‘turn off the off
witch’’ and thus promote eNOS activity and vasodilation.
Based on this theory, the expected result of statin
dministration would be increased cerebral blood ﬂow with
tatins, which has been shown in healthy subjects [3]. In
adiation vasculopathy, however, the situation is quite dif-
erent from healthy controls in that the affected hemisphere
as diffuse arteriolar vasculopathy, while the contralat-
ral hemisphere is spared this pathology. We suggest that
he contradictory ﬁnding we observed is a special result
f the rule of vasodilation and an example of cerebral
teal. At baseline, we hypothesize that there is maximal
[J.J. Volpi et al.
asodilation in the pathological hemisphere. The addition of
he statin could not improve the already maximally dilated
essels on the pathological hemisphere. Statins and the
ddition of eNOS activity would, however, increase ves-
el dilation to the healthy hemisphere, shifting it from
neutral amount of vessel tone to a dilated state. This
hift to a more dilated stated on the healthy hemisphere
eems to exacerbate the underlying hemodynamic inequity
nd causes a steal syndrome. By withdraw of statin,
he healthy hemisphere tone returns to normal, and the
athological hemisphere was able to shunt more ﬂow and
mprove.
onclusion
n healthy subjects or those with diffuse bihemispheric
erebrovascular disease, the addition of statins will likely
mprove vasomotor tone and augment cerebral blood ﬂow.
n the special circumstance of a patient with isolated high-
rade cerebrovascular disease in a single vascular bed, the
ddition of a statin may lead to a cerebral steal phe-
omenon.
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